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Between-meal eating and preprandial nibbling are a part o£ the
eating pattern of many among the American public. Host industries pro­
vide coffee breaks in addition to the regular time off for meals. Food
dispensing devices such as soft drink machines, soda fountains, snack
bars, meals on wheels, are frequently available. Host high schools and 
colleges have well patronized snack shops nearby. Elementary school 
children are often given a mid-morning snack. Many people cannot toler­
ate feeling the slightest pangs of hunger for even brief moments of the
day.
There is a difference of opinion among health workers regarding
the effects of between-meal snacks. It is a common belief that people 
should eat whenever they feel hungry and that this results in no known
physiological harm. The taking of between-meal snacks is often advocated
for dietary supplements. Various groups are urging people to choose
foods high in nutrient value as snacks rather than those which contain
"empty calories."
Other health workers say that healthy individuals who take ade­
quate meals at regular times should receive the calories and nutrients
needed without between-meal snacks. A change in food habits from a few 
large meals to frequent small meals and snacks may impose an alteration 
of function on the stomach. Though the snack may be forgotten by meal­
time, it may not have negotiated the pylorus. It is possible that
l
2
between-meal eating has a delaying effect on the emptying time of the
stomach, thereby interrupting the normal physiological process of diges-
tion, possibly interfering with the digestion of the next meal.
I. STATEMENT OF THE PROBLEM
Justification of need. Every nurse should be a teacher of health. 
Increasing emphasis is being given to this phase of nursing.^* This 
means that the nurse must have not only teaching skills, but also sci­
entifically accurate information as a basis for her health teaching. 
Public health nurses, nurses in schools, industrial nurses,
teachers of nursing, and other nurses are frequently faced with the
necessity of giving instruction in regard to the advisability of between-
meal eating. Public health nurses meet this question in their nutri­
tional counseling to families. School nurses are consulted regarding 
the giving of mid-moming feedings to school and preschool children.
In industry nurses must be prepared to answer questions regarding the 
benefit or harm resulting from a snack during the coffee break. Stu­
dents of nursing inquire of their instructors what they should teach 
people on this subject. There is a need of further scientific evidence 
on the physiological effects of between-meal eating as a basis for giving 
instruction about this practice.
Statement of problem, 
eating among the American public, and the need for sound health knowl-
In view of the popularity of between-meal
edge on the part of nurses and other health workers who influence the
^Alice W. Price, 
7:98-99, February, 1959.
?The Nurse As a Teacher,” Nursing Outlook,
3
&nerican public, study was given to one of the physiological effects of
eating between meals. The problem of this study was the effect of
between-raeal eating on the emptying time of the stomach.
Method of study. The experimental method with the control and
test approach was the method of research used for this study. Nine
apparently normal, healthy adult women were selected as subjects. Each
subject served as her own control. Each ate a standard test breakfast
containing barium on two different days. On one of these days a portion
of the breakfast was not eaten with the meal but was eaten as a between-
meal snack two and one-half hours after the meal. Gastric emptying time 
was determined on both occasions by serial roentgenogram observations, 
and comparisons were made of the emptying time with and without the 
between-meal snack. Other factors which influence gastric emptying time
were controlled as far as possible. The details of the method of study
are reported in Chapter III.
Assumptions. For the purposes of this study it was assumed that: 
1. The subjects for the study were healthy as they were free 
from any known disease, symptoms of ill-health, or history of gastro­
intestinal disturbances.
2. Delayed stomach emptying time may have effects which are
detrimental to health.
Limitations. In addition to the fact that only one between-meal
snack, taken two and one-half hours after a standard breakfast, was
tested with nine subjects, there were other limitations which must be
noted.
4
1. Determination of gastric emptying time was limited to
observations which could be made by roentgenogram at hourly intervals.
The study was limited to one control and one test on each2.
subject, which does not allow for variations of gastric emptying time
within the individual.
3. Emotional responses are impossible to quantitate though there
was a studied attempt made to control them.
XI. DEFINITION OF TERMS USED
Between-meal snack. 
study a between-mea! snack refers to any food except water, liquid or
When referred to in a general way in this
solid, that is eaten at any time other than at the time of the customary
three meals a day.
Health worker. For the purposes of this study health worker is
defined to mean any member of the health team who is likely to be con­
cerned with nutrition, such as a physician, dentist, nurse, health
educator, nutritionist, dietitian.
Gastric emptying time. Gastric emptying time as used in this 
study refers to Hthe period elapsing between the ingestion of a meal
and the time at which the last portion of some easily identified con-
2stituent leaves the stomach."
Control. Control, in this study, refers to the experiment in
which the gastric emptying time of the subjects was determined without
2George Bell, J. Norman Davidson, and Harold Scarborough, Text­
book of Physiology and Biochemistry, Second edition, Edinburgh: E. & S. 
Livingstone Ltd., 1953, pp. 195-213.
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the between-meal snack.
Tesfc, Test, in this study, refers to the experiment in which the 




Much has been written in literature in regard to between-meal
A great deal has been published about gastric emptying time.snacks.
However, an extremely limited amount was found to be written about the
effects of befcween-meal eating on the rate of gastric emptying.
I. STUDIES RELATED TO BETWEEN-MEAL EATING
The topic of betveen-raeal eating has aroused a number of argu­
ments for and against. It appears from a review of literature that the
possible physiological effects have been only partially explored. There
are numerous statements of opinion but few conclusive controlled experi-
The largest number of the studies have been done with children.menfcs.
Dietary supplements. Between-meal snacks of fruit, juice, 
crackers, nuts, milk, cheese, etc., are advocated by many for their 
protective value. Snacks of popular high caloric foods, soft drinks, 
cookies, candy, etc., are not advocated since they contain "empty 
calories" and may affect the appetite for nutritionally important 
foods. **
The fact that not all children get all of their food in the con­
ventional three meals a day is evident. The following is a distribution
3Food—The Yearbook of Agriculture 1959, Washington, D.C.: The 
United States Government Printing Office, 1939, pp. 325, 510.
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of the day’s calories among meals and snacks of a statewide sample of 
children:^
Breakfast , . 15 to 20 per cent
Moon meal . . * , 13 to 34 per cent
Evening meal . . * . . 27 to 35 per cent
Snacks . , . . 15 to 17 per cent
The snacks taken by these children were found to supply calories chiefly
from foods rich in carbohydrate and low in other nutrients. The food
that was eaten as snacks was poorer in nutritive value than that eaten
at the meals. The findings indicated that the quality and quantity of
snacks xaay play a critical role in determining the nutritive value of 
the diet.
The diets of 181 adolescent girls and 135 adolescent boys from
Maine, New York, and Rhode Island were studied to determine the contri­
butions of breakfast and between-meal foods to the children’s daily 
All of the Maine children; 88 per cent of the boys 
and 86 per cent of the girls from New York; and 92 per cent of the boys 
and 98 per cent of the girls from Rhode Island ate between meals.
nutrient intake.
The
foods eaten were low in nutritive value. Between-meal food contributed
10 per cent or less to the daily nutrient intake and to the recommended
allowances for the children from Maine and New York, and 11 per cent for
6the Rhode Island children.
4Ercel S. Eppright and Pearl P. Swanson, ”Distribution of Nutri­
ents Among Meals and Snacks of Iowa School Children,** Journal of 
American Dietetic Association, 31:256-260, March, 1955.
5Ibid.
6Betty Steel, Mary M. Clayton, and Ruth E. Tucker, '’Role of 
Breakfast and of Between-Meal Foods in Adolescents’ Nutrient Intake," 
Journal of American Dietetic Association^ 28:1054-1057, November, 1952.
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A mid-morning lunch at school is often recommended as a means of
promoting growth in children. A study on the use of be tween-meal milk to 
promote growth in school children was done in seven cities and towns in
Scotland and Belfast in 1926-27. It was found that the two groups of 
children who were fed milk between meals gained about 20 per cent more in 
both weight and height than those who were not fed milk between meals. ^
Other studies have indicated that milk is not always the best food
to use. In a study of over two hundred California children from higher
aincome families Chaney found that orange juice as a between-meal sup­
plement promoted growth better than did milk. Morgan and co-workers 
conducted a study which showed that figs as a supplementary lunch pro­
moted growth, and in another study on children from homes of low-level 
incomes, milk was found to be superior to oranges in promoting gain in 
weight. The conclusion was that the choice of between-meal snacks
9
would depend upon the type of deficiencies in the home diets.
states that frequently It is found that the child 
gains well, has a better appetite for meals, and eats a better-balanced
On the
other hand, Chaney
menu without the between-meal feeding.
Effect on appetite. One of the most frequent objections to the 
mid-morning feeding is that it spoils the appetite for the next meal and 
may thus actually reduce the food intake. Snacks of "empty calorie"
7
Margaret S. Chaney, Nutrition. Sixth edition, Boston; Houghton 
Mifflin Company, I960, p. 439.
Ibid.





foods are considered especially likely to decrease the appetite for
nutritionally important foods- 
Monro^ studied the amounts of food eaten by twenty-nine children
in the Montana State University Nursery School. The average caloric
intake of the children at lunch following a mid-morning snack decreased.
The total caloric intake including both the snack and lunch increased
with the four different snacks used.
Wolraan^ reported a study of the effect of milk drinking between 
meals on the food intake of fifty-nine children convalescing from rheu­
matic fever. A glass of milk was given one hour before meals. Amounts
taken at meals remained approximately the same as when no milk was
consumed.
Roberts studied the effect of between-meal eating on the stomach
emptying of children who habitually took between-meal feedings and of
those who normally did not take between-meal feedings. Concerning the
effect of between-meal eating on appetite for food at the next jaeal he 
concluded that the desire for food is often '’dictated not by the empti­
ness of the stomach but by the habit of keeping the stomach filled.
Regularity. Another common objection to irregular between-meal 
eating is that the lack of regularity is disturbing to normal
^Nancy Munro, "How Do Snacks Affect Total Caloric Intake of 
Preschool Children?" Journal of American Dietetic Association, 33:601- 
605, June, 1957.
12Oliver E. Byrd (comp.). Health Instruction Yearbook 1947, 
Stanford: Stanford University Press, 1947, p. 37.
13Fernagcon Roberts, "The Feeding of School-Children," The 
Lancet, 259:434-433, September, 1950.
14Ibid., pp. 437, 433.
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physiological function of the body. Statements by Zoethout and Tuttle
suggest this:
. . . Definite times and periods of rising and retiring, of 
working and relaxing, of filling and of emptying the alimentary 
canal are best. The various parts of the body become condi­
tioned to doing certain things at regular intervals. Babkin 
showed that the flow of gastric juice in animals fed at stated 
times was markedly increased at these times even though no food 
was given. The advantage of this regularity is greatly enhanced 
by the fact that the activity of the gastric ann 
other parts of the alimentary canal to action. 5
arafcus arouses
Overweight, The problem of between~meal eating is of definite 
concern in relation to overweight. Chaneystates that the argument
that the snack will replace food which might logically come at mealtime
is not a valid one, that while it may replace it in calories, it is very 
likely to upset the balance of the diet.
17Body metabolism. Cohn and Joseph 
food as spaced full meals O’meal eaters') and animals allowed free
compared animals given their
access to food (HnibblersH). The ^nibblers’8 exhibited a higher body
water content, higher body protein content, lower body fat content, and
lower cholesterol content than did the ,Emeal eaters.58 As a conclusion
to these induction experiments with animals he suggests a possible 
enhancement of atherosclerosis and exaggeration of alloxan diabetes by 
spaced meal eating in contrast to nibbling.
15William D. Zoethout and VI. W. Tuttle, Textbook of Physiology, 
Twelfth edition, St. Louis: The C. V. Mosby Company, 1955, p. 345.
p. 75.
17Clarence Cohn and D, Joseph, "Comparison of ’Meal Eating’ and 
’Nibbling * on Severity of Alloxan Diabetes," Proceedings of the Society 
for Experimental Biology and Medicine, 105:575, December, 1960,
16Chaney, 0£. cit * >
-j?
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t „18 study on male college students who wereMight snacks. Tryer’s
given one thousand calorie liquid supplements at 10-11 p.m. revealed a
gain in weight and a decrease of calorie intake at regular meals.
Some authorities suggest that breakfast is so important that
people who are "never hungry at breakfast" might do well to have a light
19evening meal and no snacks at bedtime.
In Laird and Drexel'Bedtime snacks may affect sleep. experi­
ment with foods and sleep it was apparent that the food eaten at the
last meal before retiring had a marked effect upon the quality of the
All of the children in this test showed that sleep 
was affected with the most bodily movements after a "hard to digest"
sleep of children.
supper.
21Work efficiency. Haldi 
affected by various kinds of foods consumed during the mid-morning and 
mid-afternoon rest periods. The conclusion was that work output was 
not affected by kind or amount of food eaten between meals.
studied industrial efficiency as
Another study on the effect of the mid-morning snack on the
capacity of industrial workers to perform work was done by Tuttle and
18Jeffrey H. Tryer, "The Effects of a Late-Night Caloric Supple­
ment Upon Body Weight and Food Intake in Man," American Journal of 
Clinical Nutrition. 6:354, 1958.
19Food—The Yearbook of Agriculture 1959. Washington, D.C.: The
United States Government Printing Office, 1959, p. 323.
20A. Laird and Hilda Drexel, "Experimenting With Foods and 
Sleep," Journal of American Dietetics Association, 10:39, 1934.
21John Haldi, "Industrial Efficiency as Affected by Various 
Kinds of Foods Consumed During the Mid-morning and Mid-afternoon Rest 
Periods," Federation Proceedings, 7:48, March, 1948.
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Herbert.22 The subjects were tested under the following circumstances:
(a) no breakfast, no mid-morning snack; (b) breakfast, no mid-moming 
snack; (c) no breakfast, but a mid-moming snack; and (d) breakfast with
mid-morning snack. The data indicated that all of the subjects did
significantly more work when they had an adequate breakfast than when it
was omitted. The addition of the mid-morning snack when an adequate
breakfast was eaten resulted in no advantage in maximum work output.
The addition of the mid-morning snack when breakfast was omitted showed
a significant advantage in maximum work output for half of the subjects.
23Tooth decay. Weiss and Trithart recently studied the relation­
ship between carles in preschool children and the frequency of eating
between meals. A survey revealed that the most popular between-meal
items were of high sugar content or of a high degree of adhesiveness.
In descending order of popularity these items were: gum, candy, soft
drinks, pastries, and ice cream. The average frequency of eating
between meals was 1.75 items per day, and the average number of ”defH
teeth was 5.88, nde£M referring to teeth that were decayed, extracted.
or filled. There was a direct and consistent relationship between
caries and the frequency of eating items of high sugar content between
meals. As the frequency of eating such items between meals increased.
the number of ”defH teeth per child correspondingly increased. Those
who reported eating four or more such items between meals revealed a
22W. W. Tuttle and Edward Herbert, "Work Capacity With Ho Break­
fast and a Mid-moming Break, *' Journal of American Dietetic Association, 
37:137-140, August, 1960,
23Robert L. Weiss and Albert H. Trithart, "Between-Meal Eating 
Habits and Dental Caries Experience in Preschool Children," American 
Journal of Public Health, 50:1097-1104, August, 1960.
13
8ldefH of 9.8 teeth per child.
Much impetus has been given by dental groupsto educate the
public to eliminate sweets between meals and substitute fruit s milk.,
25popcorn, and nuts. Weiss and Trithart suggest that since children
most frequently select between-meal snacks with a high sugar content it
might be more rewarding to aim educational programs at quantitatively
reducing the frequency of eating between meals rather than at the types
of items consumed.
The factors which have been mentioned here—dietary supplements,
effect on growth, effect on appetite, regularity, relationship to over­
weight, body metabolism, effect on sleep, work efficiency, tooth decay--
are all of definite concern to nurses in giving health instruction
regarding between-meal eating. However, no one of these alone gives
the answer. The nurse should consider all of these factors when giving
instruction about between-meal eating. While between-meal snacks rosy
have some advantages as dietary supplements the nurse must also consider 
the possible detrimental effects such as effect on appetite or tooth
decay. There are other factors which as yet have not been studied, but
which would probably throw further light on the subject, 
between-meal eating on the emptying time of the stomach is one of these.
The effect of
II. FACTORS WHICH INFLUENCE GASTRIC EMPTYING
The emptying time of the human stomach varies considerably in 
health and disease and is subject to many influences. The normal human
24„
Association.
Your Teeth,” Pamphlet, Southern California State Dental
25 Weiss and Trithart, op. cit.
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stomach is commonly said to empty in from three to four and one-half 
hours following an ordinary mixed meal. i ,27With Wolf and Wolff s
subject, who had a gastric fistula which made direct observation of the
stomach possible, the average breakfast used in the experiments remained
in the stomach approximately six hours under circumstances of relative
well-being and emotional security. The omission of fat from the break­
fast shortened the process and additional fat prolonged it.
28As a result of their study, Rehfuss and Hawk made considerable
mention of the variation in the stomach emptying times of different indi­
viduals under exactly the same conditions. They classify their subjects
into two groups, rapid emptying and slow emptying, each type being char-
Van Liere and Sleetli^acteristic of a given stomach and very constant.
also found that the emptying time of the stomach of any individual
remained strikingly uniform from day to day, but that great individual
variations exist.
30Thomas reviewed the significant material that has been published 
prior to 1957 on the mechanics and regulation of gastric emptying time.
26Charles Best and Norman Taylor, Physiological Basis of Medical 
Practice, Sixth edition, Baltimore: The Williams and Wilkins Company, 
1955, p. 568.
27Steward Wolf and H. G. Wolff, Human Gastric Function, New York: 
Oxford University Press, 1943, pp, 138, 139.
28M. E. Rehfuss and P. B. Hawk, "Gastric Response to Foods," 
American Journal of Physiology, 49:174-183, 204, 232; 50:1, 28, 248,
65; 1919, 1920.
29Edward J. Van Liere and Clark K. Sleeth, "Some Normal Variations 
in the Emptying-Time of the Human Stomach (Using a Carbohydrate Meal)," 
American Journal of Digestive Diseases and Nutrition, 2:671-672, January- 
February, 1936.
30J. Earl Thomas, "Mechanics and Regulation of Gastric Emptying," 
Physiological Reviews, 37:453-474, October, 1957.
15
Some generalisations will be given here as summarized from his review:
Chemical composition of foods. There is evidence that different
foods empty from the stomach at different rates. Fat leaves the stomach
slowly. Protein food empties from the stomach much faster than fat but
somewhat slower than carbohydrate, the latter making a fairly rapid exit 
from the stomach.
Physical state of food. Nonirritating liquids leave the stomach 
rapidly, hi quid foods have been observed to empty more rapidly than 
thick soups or solid foods. The consistency, coarseness or minuteness
of the particles, of many foods influences the rate of gastric emptying. 
Chemical differences due to cooking may also have their effect, 
example of this would be the progressively more rapid rate of emptying 
of hard-boiled, soft-boiled, and raw eggs.
that the consistency has more effect than the chemical differences of
An
There is evidence to suggest
32foods due to cooking.
Osmotic activity. Gastric emptying is affected by the concentra­
tion of soluble constituents in the food, physiological saline leaving 
the stomach faster than solutions of either greater or lesser concentra­
tions.33
Volume. The evidence suggests that for any individual and type






Influenced by the volume of gastric contents.^
Acidity or alkalinity* That there is little or no effect on 
gastric emptying by the concentrations of acids or alkalies that are 
likely to be encountered in food is suggested by the evidence. The 
hydrochloric acid secreted by the stomach is more likely to attain con­
centrations that affect the gastric emptying rate* though there is 
reason to believe that overemphasis has been given to its regulatory 
function.
Gastroduodenal pressure. 
denum has an effect on the emptying rate of the stomach.^
The quantity of material in the duo-
Xntestinal contents. Substances in the intestine that have
appeared to be capable of causing gastric inhibition are acid, carbo­
hydrate, and fat.
Pyloric sphincter. Though the pyloric sphincter plays a part in 
gastric emptying there is yet no evidence that its function regulates
<m
the over-all rate of emptying.
Other factors. Other factors mentioned as having an influence on 
gastric emptying include exercise, changes in oxygen tension, environ­
mental temperature, various pathological conditions such as hemorrhage, 
some vitamin deficiencies, gastritis and enteritis, visceral irritations.
Various drugs may have an influence.^emotional disturbances.
34 35 36Ibid., pp. 461, 462. 
37Ibid., pp. 457, 458.
Ibid. ibid.» p, 462. 
33Ibid.. pp. 473, 474. 39Ibld., p. 463.
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Menstrual cycle. MacDonald^ observed changes in the gastric 
eioptying rate in relation to the menstrual cycle. Each ovulation, the 
fourteenth day of a twenty-eight day menstrual cycle, was marked by a
small sudden increase in the rate of emptying. 
In 1959 Hunt41 published a review on gastric emptying and secre­
tion which contains essentially no mention of additional factors that
are known to have a significant effect on gastric emptying time.
These factors which influence gastric emptying time were used as
a basis from which to establish the control of variable factors in this
study. The objective was to keep the factors which might influence
gastric emptying time in the subjects the same on the day of the control
and the day of the test.
III. EFFECTS OF BETWEEN-MEAL EATING ON GASTRIC EMPTYING TIME
Truman,4^ by means of x-ray examinations, observed the stomach
emptying time of four subjects with and without between-meal snacks.
After a test breakfast containing barium the stomachs were found to be
empty in four hours. On another day the same subjects were all given an
identical breakfast but two hours later each subject was given a different 
between-meal snack: ice cream cone, nut butter sandwich, pumpkin pie and
milk, banana. The results of the test showed the emptying time with the
different snacks was delayed from two to five hours over that of the
40Ian MacDonald, "Gastric Activity in Menstrual Cycle," Gastro­
enterology, 30:602-607, April, 1956.
41J. N. Hunt, "Gastric Emptying and Secretion in Man," Physio­
logical Reviews, 39:491-527, July, 1959.
42George K. Abbott (ed.). Medical Papers, Mountain View: Pacific 
Press Publishing Association, 1931, pp. 211, 212.
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control:
Ice cre&ni cone stomach empty after six hours
Banana and milk stomach empty after eight hours
Nut butter sandwich .... stomach empty after nine hours
Pie and milk . . . . stomach empty after nine hours
43In 1934 Ilaysmer and Matson reported x-ray examinations of four subjects
who vrere fed different between-meal snacks frequently throughout the day.
resulting in a delay of stomach emptying time of several hours over that
of the control. Statistical significance was lacking in both of these
reports.
More recently studies have been done on Swiss school children on
the length of time which various between-meal foods remain in the stomach.
44In 1952 Hoffmann was motivated by complaints of mothers that children
receiving milk at 10 a.m. in school did not have an appetite for dinner.
He observed twenty-three students, in groups of eight or nine, by fluor­
oscopy to determine the length of time which various between-meal foods
remained in the stomach. Each time all of the children received an
identical breakfast. The same children were used for the tests of the
four different between-meal feedings. Barium 35 gnu was given at the
time of the between-meal feeding. He discovered that the foods given
at 10 a.m. remained in the stomach in the following decreasing order:
43C. A. Haysmer and Julius Matson, "The Effect of Eating Between 
Meals on the Emptying Time of the Stomach,” Life and Health. 46:130-131, 
September, 1931.
^Von W. Hoffmann, nDie Zehnuhr-Zwischenmahlzeit in der Schule,” 
Schweiaerische Hedizinische Wochenschrift. 82:415-417, Avril, 1952.
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1. Milk and bread
2. Milk
3. Apple and bread
4. Apple.
Two and one-half hours after milk and bread and after milk alone
the stomach was always still full, but after the apples it was almost 
empty or completely empty.
In 1954 Wlld^ published rechecks in which he only partially
In 1956 Hoffmann^7 did more carefully 
controlled rechecks in which he obtained essentially the same results
certified Hoffmann’s results.
he had established in his first series. He discounts Wild's results
because of the inadequacy of the x-rays, the fact that the experiment 
was performed on different children of different ages rather than on the 
same children, and because the amount of breakfast each child had eaten
varied in quantity and quality. 
Roberts,^ in a study of the feeding of school children in England,
found by x-ray examination that at dinner time all children who had
taken milk between meals, with or without additional food, had a con­
siderable quantity of food in their stomachs, 
milk was found to he emptied from the stomach more rapidly than between-
Roberts remarked, MIn children who 
take mid-morning food the stomach, apart from an hour or so before
Between-meal food without
meal milk without additional food.
45Ibid.
460. Wild, ”Zur Zehn-Uhr-Mahlzeit in der Schule,” Schweizerische 
Medizinische Wochenschrift. 84:298-303, Marz, 1954.
47Von W. Hoffmann, "Me Zehnuhr-Zwischenmahlzeit in der Schule," 
Schweizerlsche Medizinische Wochenschrift, 86:733-734, Juni, 1956.
48Femageon Roberts, "The Feeding of School-Children," The 
Lancet. 259:434-438, September, 1950,
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10:30 a.ia,f is more full than empty for the greater part of the waking
s»49hours,
50Haile and Scott studied the stomach emptying time of adult
subjects who ate an ordinary diet throughout the day with ,,tea,! midway 
between dinner and supper. "Tea” consisted of two cups tea with hot
scone and butter, bread and butter, or sponge cake. As a result of
their study they commented that the stomach cannot possibly be empty 
after lunch until 5:30 p.m. to 6 p.m., so that "tea at 4:30 p.m. can 
only be justified on the grounds of a pleasing interlude."*** 
that on the grounds of suitable feeding it would be better to leave out
They say
the "tea'8 so the stomach would have a little rest before the next meal.
The studies given above do not deal with the actual problem of
this study. In all of these an extra amount of food was given between 
meals in addition to the regular meal. The prolonged period which the 
food remained in the stomach could have been due only to the fact that 
there was a larger total amount of food for the stomach to work upon.
The present study was designed to find the effect of between-meal
eating on the emptying time of the stomach when the same total quantity
of food was given on the day of the between-meal snack and on the day 
the between-meal snack was not given. No definite answer to this ques­
tion is at present available.
49Ibid p. 437.
50W. C. D, Haile and K. J. L. Scott, "*Digestibility* of Common 






Studies which have been done that are related to between-meal
eating include: snacks as dietary supplements, effect of between-raeal
eating on growth, effect on appetite, regularity, body metabolism, over­
weight, work efficiency, and dental caries. Although no one of these
alone gives the answer to the effects of this practice on health, these 
are all factors which must be considered by health workers in giving
instruction regarding eating between meals.
Factors which are known to affect gastric emptying time include:
chemical composition of food, physical state of food, volume, osmotic
activity, acidity or alkalinity, gastroduodenal pressure, intestinal
contents, exercise, change in oxygen tension, environmental temperature.
various pathological conditions, emotional disturbances, some drugs,
menstrual cycle. A review of these factors which influence gastric
emptying time was useful in establishing controls for this study.
Investigations which have been done on the effect of between-meal
eating on gastric emptying time are not conclusive. No definite answer
was found to the question of the effect of feetween-meal eating on the
emptying time of the stomach when the same total quantity of food x^as
taken without and with a between-meal snack.
CHAPTER III
METHOD OF PROCEDURE
To find the effect of between-meal eating on the emptying time of
the stomach the experimental method was used. Concerning experimental 
research Whitney^ quotes Westaway, HThe great rule is to vary only one
circumstance at a time, and to maintain all other circumstances rigidly
■i53unchanged. This was the goal of this study. Therefore, it was nec­
essary to vary only one circumstance, the eating of a betxfeen-meal snack, 
and to keep unchanged other factors which affect stomach emptying time.
I. SELECTION OF TOOL
Tool for collection of data. Roentgenogram observation was the 
research tool used for determining the gastric emptying time of the sub­
jects. Gastric emptying time has been studied by withdrawing the stomach
contents at specified times after a test meal. This method was not used
because of the objection that the insertion of the gastric tube and the 
sampling procedure act as an irritant to cause exaggerated peristalsis, 
and often result in an emotional response which affects the gastric
emptying rate.
The usual method of studying gastric evacuation is to administer
a heavy barium meal and to estimate the rate of emptying from x-ray
52Frederick Laason Whitney, The Elements of Research, Third edi­
tion, New York; Prentice-Hall, Inc., 1950, p. 212.
53F. W. Westaway, Scientific Method; Its Philosophical Basis and 
Its Modes of Application, New York; Hiliman-Curl, 1937, p. 196.
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films or fluoroscopic observations. This method is suitable for diag­
nostic and other purposes but is not considered physiological in deter­
mining the emptying time of a meal of varied composition. The objection
that a barium meal is unphysiological was met by feeding an ordinary
Malle andmeal of known composition mixed with only 70 gm, of barium. 
Scott^ tried various mounts of barium n£rom 1/2 to 2 oz.u to see if
the amount of the heavy salt affected the evacuation time when given with
food, but no difference was noted.
55a study done in 1911 by Cannon
Also mentioned by Haile and Scott was
in which bismuth was used with food to
visualise the stomach emptying time of cats by x-ray. His critics argued
that the heavy bismuth remained in the stomach after the food had passed
on, but examination of animals killed at various intervals after the
meals showed that no heavy deposits of bismuth remained on the mucosa and
that the bismuth remained well mixed with the chyme.
Roentgenogram films were used here in preference to fluoroscopy in
order to minimize the amount of radiation and to provide a permanent
record of the results for reference. It was also necessary to limit the
observations to hourly intervals in order to minimize the amount of
radiation to the subjects. The total number of x-rays taken on any one
subject never exceeded six. More frequent x-rays would have been an
advantage in obtaining a more accurate determination of the emptying
time.
Pilot study. In order to determine the best time to begin to
5\f. C. n * Digestibility* of Common 
Food-Stuffs as Determined by Radiography,H The Lanceta 228:21-23, Janu­
ary 5, 1935.
D. Maile and K. J. L. Scott,
55¥. B. Cannon, Mechanical Factors of Digestion, London, 1911.
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take the serial x-rays, a pilot study was conducted. Three subjects
were given the test breakfast containing barium. Films were taken imme­
diately after eating, at three hours, and at five hours. At five hours
after eating the stomachs of the three subjects were approximately
4 per cent, 40 per cent, and 50 per cent filled. As a result of the
pilot study, the film of the stomach immediately after eating was con­
sidered unnecessary for the purposes of this study so was eliminated
thereafter. It was decided that the first x-ray on the subjects should
be taken four hours after the test breakfast and every hour thereafter
until the stomach was empty, with the exception of hours when the stomach
obviously contained large amounts of food as determined by the four-hour
x-ray.
II. SELECTION OF SUBJECTS
Criteria for selection of subjects. Twelve subjects were selected 
for the study from a larger number of volunteers. Others were screened
out because they were not available on days on which the x-rays could be
taken or because they did not meet the criteria. It was believed that
the data from this number xrould likely be statistically significant.
Later the data from three of the subjects were not used for various
reasons which will be explained in Chapter IV.
The following factors were considered in selecting the subjects:
1. All of the subjects were women, the reason feeing that aSex.
group of nurses was readily available to participate in the study.
56Booth and co-workers suggested that gastric emptying time is similar
56Mollie Booth and others, "Comparison of Gastric Emptying and 
Secretion in Men and Women,*' The Lancet, 272:657-659, March, 1957.
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in men and women. Gastric emptying and secretion were compared in
twenty young men and nineteen young women. Ho difference was show
between the gastric emptying of the men and women with the test meals of
water and saline solution which were used to assess the gastric emptying.
2. Age. The mean age of the nine subjects was twenty-eight
years, the range being from twenty-one to thirty-five years. It was con­
sidered that this is generally a healthy age. As a rule degenerative
conditions are not present during these years of life.
3. Average build. The test breakfast was calculated to meet the
caloric needs of women of average build. Therefore, subjects were chosen
that met this criteria. The average height of the nine subjects was five
feet four inches, while their mean weight was 123 pounds.
4. Health. The subjects were apparently normal, healthy indi­
viduals, free from any known disease, symptoms of ill-health, or history
of gastro-intestinal disturbances which might affect gastric emptying
time. All had been given a physical examination within the past year.
None had a history of having had major surgery.
5. Drugs. Subjects were chosen who were not taking drugs regu­
larly or irregularly, thus eliminating the possibility of drugs affecting
the gastric emptying rate.
6. Menstrual cycle. The subjects were questioned as to the first
day of their last menstrual period. Since there may be a slight altera­
tion of gastric emptying time at ovulation, the tenth to the fifteenth
day of the menstrual cycle of the subjects was avoided as far as having
any one of the observations fall in that period of time.
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III. SELECTION OF TEST MEAL
Test breakfast. At the State University of Iowa a series of
,,57-63experiments known as the f,Iowa Breakfast Studies was done on the
physiological effects of omitting breakfast and of eating breakfasts con­
taining various amounts and kinds of nutrients. The general conclusion
from these studies seems to be that the breakfast should provide at least
one-fourth of the total daily caloric and protein requirement.
The daily total caloric and protein requirement for women ages
twenty-five to forty-five, average build, normally active in a temperate
climate, as given by the Food and Nutrition Board, National Research 
Council, is 2200-2300 calories and 58 gm. protein.^
57W. W. Tuttle, M. Wilson, and K. Baum, ?!The Effect of Altered 
Breakfast Habits on Physiologic Response,” Journal of Applied Physiology, 
1:545, February, 1949.
50W. W, Tuttle and others, HEffect of Omitting Breakfast on the 
Physiologic Response of Men,” Journal of American Dietetic Association, 
26:332, May, 1930.
59K. Baum and others, i!Ef£ect of Various Types of Breakfasts on 
Physiologic Response,” Journal of American Dietetic Association, 26:503, 
July, 1950.
60W. W. Tuttle and others, "Effects of Breakfasts of Different 
Size and Content on Physiologic Response of Men,” Journal of American 
Dietetic Association, 27:298, April, 1951.
61k. Daura and others, "Effect of Different Types of Breakfasts on 
Thiamine and Niacin Excreted by Men," Journal of American Dietetic Asso­
ciation, 27:298, April, 1951.
62K. Baum and others, "Physiologic Response of Boys 12 to 14 Years 
Old to Different Breakfasts," Journal of American Dietetic Association, 
31:359-362, April, 1955.
C iK. Damn and others, "Utilization of Nitrogen, Phosphorus, Cal­
cium, and Iron by Men on Different Breakfasts," Journal of American 
Dietetic Association, 27:475, June, 1951.
Food—The Yearbook of Agriculture 1959, Washington, D.C.: The 
United States Government Printing Office, 1959, p. 228,
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The test breakfast*1^ in Table I meets the requirements of the
above recommendations.
TABLE 1









1 egg (hard-boiled) 50. 6.1 5.5 .3 77
1 glass milk 9.8244. 8.1 11.2 166
1 serving peaches 
(canned, syrup pack)




22.7 31.5 46.3 540TOTAL:
»5f
Calculations of food composition were taken from:
^Bernice K. Watt and Annabel L. Merrill, Composition of Foods-- 
Raw, Processed, Prepared, Washington, D.C.: The United States Government 
Printing Office, 1950, 147 pp.
28
Table II shows the test breakfast as It was divided when the
peanuts were given as a between-meal snack.
TABLE II




CaloriesGm. Goa. Gm. Gm.
1 slice w.w. toast 
butter
2.1 . 6 11.323. 55
7. 5.5 50tr. tr.
1 egg (hard-boiled) 6.150. .35.5 77
1 glass milk 9.8244. 8.1 11.2 166
1 serving peaches 
(canned, syrup pack)
100. .1.4 18.2 63
16.7 21.5TOTAL: 41. 414
Peanuts
(roasted, salted)
21.6 6. 10. 5.3 126
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Between-raeal snack. In the choice of a between-meal snack
consideration was given to the fact that every kind of food has some 
specific effect. Therefore, every snack would react somewhat differ­
ently. Also, the hour at which the snack was eaten would likely affect
the reaction. More than one snack between meals would probably produce
a still somewhat different response. This study was limited to one
between-meal snack, taken two and one-half hours after a standard test
breakfast. Since meals are customarily taken five hours apart this
would be midway between meals, and would allow the snack two and one-half
hours to leave the stomach before the next meal was taken.
The snack chosen was peanuts. The quantity selected was that con­
tained in a popular five-cent bag or 21.6 gra. Although many commonly 
taken snacks are of a higher caloric content, this smaller portion was 
given in order to remain in the category of a snack rather than of a meal.
IV. CONDUCTING THE STUDY
Instructions to subjects. The following instructions were given
to each of the subjects prior to her participation in the test:
Eat a light supper.
Do not eat anything after 6 p.m.
Do not drink water after midnight.
Report to the dining room at a.m. for a special breakfast.
After this, you will be taken to the library where you will 
spend
amount of walking around.
hours sitting, reading, relaxing with a normal
66Philip B. Hawk, Martin E. Rehfuss, and Olaf Bergeim, MThe 
Response of the Normal Human Stomach to Various Standard Foods and a 
Summary,” American Journal of Medical Sciences. 171:359-369, March, 1926.
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You will fee taken back to the radiology department at 
for an x-ray of your stomach.
a.m.
After this, you will sit in the waiting room until you are 
called for other x-ray pictures or are told that you can leave.
During the period of the control and the test it is desirable 
that you remain as free from emotional stress and anxiety as 
possible.
The amount of activity-walking, sitting, standing—should be 
the same on both the day of the control and the day of the 
test.
Bring something to read or to do that is relaxing to you.
Serving the breakfasts. Each of the subjects participated in the 
study on two different days. They were all given an identical test
breakfast on both days, with the exception that the peanuts were given as
a between-meal snack two and one-half hours after the meal on the day of
the test rather than with the breakfast as on the day of the control.
The meals were always prepared by the same individual with attention to
constant weight and volume. Barium sulphate 70 gm. was mixed with the
milk so that the food could be visualized by x-ray. The subjects were
served the meals in pleasant dining room surroundings to provide a 
relaxed emotional atmosphere. The subjects reported for the breakfast
t
at one of two times, either 6:45 or 7:45 a.ra., any given individual
reporting at the same time for both the control and the test. The x-ray
observations xvere timed from the completion of the breakfast.
Control of other variable factors, 
factors which affect stomach emptying time the same both on the day of
An effort was xaade to keep
the control and the day of the test. In addition to those already
mentioned, study was given to the control of the following factors which
influence gastric emptying time:
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1. Emotional factors. Although emotional reactions are impos­
sible to quantitate, an effort was made to keep the subjects lightly 
diverted and free from situations that might cause an emotional response. 
Days for the test were chosen when the subjects were free from stress of
examinations, work, class, and other emotional pressures.
2. Exercise. Since exercise has a marked effect on gastric 
emptying time the subjects remained rather sedentary. For the most part, 
they spent the time in the library or other suitable location with a
normal amount of sitting, standing, and walking around, 
made to keep the amount of activity the same on both the day of the con­
trol and the day of the test.
An effort was
3. Environmental temperature. Because of the fact that environ­
mental temperature has an effect on gastric emptying time, the subjects 
were not exposed to any extremes in temperature. The temperature was 
kept quite constant at 70 to 75° F.
4. Oxygen tension. The subjects were not exposed to any marked 
changes In oxygen tension.
5. Gastroduodenal pressure, intestinal contents. To ensure that 
the stomach and duodenum would be empty the subjects fasted for twelve 
to fourteen hours before both the control and the test. They were also 
asked to eat a light supper the evening preceding in order to eliminate 
the presence of Intestinal contents that might cause gastric inhibition. 
Also, at least forty-eight hours was allowed to elapse between the con­
trol and the test to give the barium an opportunity to be evacuated from 
the intestine.
6. Individual differences. Since there are marked differences
in gastric emptying time in normal individuals, each subject was used as
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her am control. The study was limited to only one control and one test
on each subject in order to minimize the amount of radiation.
Taking the x-rays, 
four hours after the subject had eaten.
The first stomach x-ray was usually taken
Serial x-rays were then taken
at hourly intervals except for the omission of hours when the stomach
obviously contained considerable amounts of food. For example, if the
stomach contained a large percentage of food at four hours, the five-
hour film was omitted and hourly x-rays were resumed at six hours. On
the day the snack was given the first x-ray was usually taken at the 
hour which, in the control study, the stomach last showed the presence
of food*
V. SUMMARY
The effect of between-meal eating on the emptying time of the
stomach was studied by roentgenogram on nine healthy adult women between
the ages of twenty-one and thirty-five years. The control and test
approach was used, each subject serving as her own control.
After a twelve-hour fast, each subject consumed an identical test 
breakfast containing barium on two different days. On one of these days
a portion of the breakfast was not eaten with the meal but was eaten as a
between-meal snack two and one-half hours after the meal. A test break­
fast was selected which was within the limits of the recommendations of
the Iowa breakfast studies. The chosen snack was peanuts, the amount
contained in a popular five-cent bag.
Other factors which affect gastric emptying time were controlled 
as far as possible. The gastric en^ptying time of the subjects for both
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the control and the test was determined by serial roentgenogram
observations.
CHAPTER IV
FINDINGS, ANALYSIS, AND INTERPRETATION OF DATA
The data of this study are presented here as obtained from the
roentgenogram observations. The stomach emptying time of each subject
was compared when the test breakfast was eaten (1) without the between* 
meal snack, and (2) with the between-meal snack. As in other parts of 
the study, “control” here refers to the stomach emptying time of the 
subject without a between-meal snack, and “test” refers to the stomach
emptying time of the same subject with a between-meal snack.
I. FINDINGS
The stomach emptying time of each subject without and with a 
between-meal snack is recorded here as estimated from the serial x-rays 
by the radiologist.
Subject 1. For the control, a small trace of about 1 per cent of 
the food and radiopaque mixture remained in the stomach five hours after
the meal, much of it having reached the mid-colon, 
stomach was 10 per cent filled at five hours, the remainder having only
There was less progress both In the stomach
For the test the
reached the terminal Ileum.
and the bowel on the day of the test, approximately one and one-half 
hours' delay in stomach emptying time* The stomach emptied In approxi­
mately five hours on the day of the control and six and one-half hours
on the day of the test.
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On the day of the test comparable progress was made 
approximately one hour later than on the control, 
stomach had emptied at eight hours and the food and radiopaque mixture
Subject 2.
On the control the
had reached the terminal ileum and cecum. On the test, even at eight
hours, there still remained in the stomach a small amount of the mixture.
representing a delay in emptying time of approximately one hour* The 
stomach emptied in approximately seven and one-half hours on the day of
the control and eight and one-half hours on the day of the test.
Subject 3. For both the test and the control the stomach emptied 
in approximately five and one-half hours. The progress in the small 
bowel was slowed on the day of the test although the stomach emptying 
time appeared not to be appreciably different.
Subject 4. For the control the stomach was approximately 10 per 
cent filled at six hours and completely empty at seven hours, whereas in 
the test the stomach was 25-30 per cent filled at six hours and 5-7 per
cent remained at seven hours. The stomach emptied in about six and one-
half hours on the day of the control and seven and one-half hours on the
day of the test, representing a delay of approximately one hour when the
snack was taken.
Subject 5. There was practically no variation between the test 
and the control except that passage into the small bowel was delayed and 
there was a larger amount in the terminal ileum than in the cecum on the
day of the test. The stomach emptying time was about five and one-half
hours on both days.
Subject 6. At six hours comparable views showed approximately
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4 per cent on the control against a 10 per cent retention on the test.
At seven hours In both control and test the stomach had emptied. Com­
parison of six and seven-hour films demonstrated a probable delay of 
one-half hour in stomach emptying time with the snack. Progress in the 
small bowel appeared slightly slowed on the day of the test.
Subject 7, For both the control and test the stomach emptied in 
approximately seven and one-half hours, and films at eight hours of both 
control and test showed the stomach empty. No appreciable difference
was noted. The stomach emptied slowly on both days.
Subject S. On the day of the test there was a slight delay in 
the emptying of the stomach, representing a small difference of approxi­
mately fifteen minutes. The stomach emptied in approximately five and 
one-half hours for the control and five and three-quarter hours for the
Again, some delay occurred in the emptying of the small bowel.test.
Subject 9. For the control the stomach was approximately 2 per 
cent filled at eight and one-half hours, whereas in the test the stomach
was approximately 5 per cent filled at nine hours, representing a delay 
of approximately one hour. The stomach emptied in approximately nine 
hours on the day of the control and ten hours on the day of the test.
The stomach emptied slowly for both control and test for reasons unknown.
The data from three other subjects participating in this study 
were not included since they were insufficient to determine the stomach
emptying times. With one of the subjects the stomach was empty when the 
first x-ray was taken four hours after the test breakfast. How long it
took the stomach to empty is not known since the subject was unable to
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return to repeat the process with earlier x-rays. The stomach emptying
time of the second of these subjects was approximately nine and one-half
hours for the control. To keep within the limit of radiation exposure
recommended, the emptying time with the snack was not determined. With
the third of these subjects the control showed the stomach empty in
approximately three hours. On the day of the test the snack apparently
reached the stomach after the test breakfast and radiopaque substance
had left the stomach so the snack could not be visualised and the effects
were not determined.
II. ANALYSIS
Figure 1 and Table III show the stomach emptying time for each of 
the subjects for the control and for the test. The data revealed a wide
divergence in individual stomach emptying times when an identical break­
fast was eaten by the subjects. The average emptying time for the con­
trol was 6.47 hours, the range being from five to nine hours. The
average emptying time for the test was 7.05 hours, the range being from
five and one-half to ten hours. The mean difference in emptying times
was .58 hours, or approximately thirty-five minutes.
A statistical analysis was accon^plished by pairing the data for 
each subject and finding the significance of the difference in stomach
emptying times. The probability that the observed delay in stomach
emptying time was due to chance is less than .02. The observed delay in
stomach emptying time attributable to the between-meal snack was statis­
tically significant.
It is recognized that there could have been differences in empty­
























































STOMACH EMPTYING TIME OF HEALTHY WOMEN SUBJECTS 
AS DETERMINED BY ROENTGENOGRAI-1 










1. 5. 6.5 1.5
2. 7.5 8.5 1.
3. 5.5 5.5 0.
4. 6.5 7.5 1.
5. 5.5 5.5 0.
6. 6.25 6.75 .5
7. 7.5 7.5 0.
8. 5.5 5.75 .5
9. 9, 10. 1.
Empty at 4 hours10. (Could not return)
11. (X-ray limit)Empty at 10 hours
12. 3 hours (Snack not visualised)
Average for nine subjects 6.47 7.05 .58
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could have been obtained if the roentgenogram observations could have
been made at more frequent intervals.
III. INTERPRETATION
The results of the study were rather surprising in that the 
length of time it took the food to leave the stomach was in most cases
much longer than is commonly considered normal. The limited amount of 
physical activity of the subjects no doubt influenced this. However, the 
common belief that the normal human stomach is empty in from three to 
four and one-half hours following an ordinary mixed meal as stated by 
Best and Taylor^ and others
subjects. It was difficult to assess the basis for these statements
63 is not borne out by the results on these
since they were not documented.
However, studies of Wolf and Wolff, and of Roberts, would support 
the findings on these subjects. With Wolf and Wolff's^ subject, under
circumstances of relative well-being and emotional security, the average 
breakfast used in the experiments remained in the stomach approximately
six hours. This varied with the amount of fat in the meal. As a result
of his study, Roberts stated that prevalent ideas about the normal stom­
ach emptying in from three to four hours must be discarded, that in the 
social group he studied, “the stomach is about one-third full four hours
,J0after dinner and is filled up again at tea and again at supper. This
67Best and Taylor, op. cit.
James S. Me Lester and William J. Darby, Nutrition and Diet in 
Health and Disease. Philadelphia: W. B. Saunders Co., 1952, p. 7.




70Roberts, op. cit ♦ *
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may be the reason for White's statement, . . After disposing of one 
meal, the digestive organs need rest* 
intervene between the meals; and most persons who give the plan a trial, 
will find that two meals a day are better than three.
The wide difference in individual stomach emptying times with 
these subjects agrees with Rehfuss and Hawk's emphasis on the variation
At least five or six hours should
,,71
in stomach emptying times of different individuals under exactly the
They remark, "Nothing but confusion can result from asame conditions*
disregard of the marked differences in the stomach responses of different 
entirely normal individuals to the same stimuli. h72
Although in three of the subjects there was no difference observed
in stomach emptying time for the control and the test, it was of Interest
to note that even on these there appeared to be some delay In the prog­
ress in the small bowel, suggesting an opening for further Investigation* 
This may Indicate undetected delays in stomach emptying times.
Under the circumstances of this study, it appears that a light 
between-meal snack produces some delay in gastric emptying time in most 
persons, but not in all. The effects of various types of foods eaten 
between meals, of more than one snack, snacks of different amounts, and
snacks taken closer to the meals were not revealed by this study. These
are suggested topics for further study.
71Ellen G. White, Ministry of Healing. Mountain View: Pacific 
Press Publishing Association, 1905, p. 304.
^M. E. Rehfuss and P. B. Hawk, "Gastric Response to Foods," 
American Journal of Physiology. 49:176, 1919.
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IV. SUMMARY
An analysis of the data revealed a marked variation in stomach
emptying times with the nine subjects, thus supporting the findings of
Rehfuss and Hawk, Van Liere and Sleeth, and others.
The average stomach emptying time of the nine subjects following
this test breakfast was 6.47 hours* This suggests that the stomach
emptying time for an ordinary mixed meal is longer than three to four
and one-half hours as stated by Best and Taylor and others. These
results agree with the findings of Wolf and Wolff and of Roberts.
There was a delay in stomach emptying time in six of the nine
subjects when the between-meal snack was taken. The mean difference in
stomach emptying times without and with the snack was approximately
thirty-five minutes, a difference which is statistically significant
(P < *02).
CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
I. SUMMARY
Between-meal eating is a common practice among children, fceen-
As yet there is little agreement asagers, and many adults in America,
to whether this practice is harmful, beneficial, or indifferent in its
influence on health. Nurses, as teachers of health practices, need a
scientific basis for the health knowledge which they irapart. There is a
lack of scientific evidence as a basis for giving instruction about
between-meal eating.
Studies which have been done on the effects of between-meal eating
include: snacks as dietary supplements, effect of between-meal eating on
growth, effect on appetite, regularity, body metabolism, overweight,
work efficiency, and dental caries* It appears that the possible physio­
logical effects of between-meal eating have been only partially explored.
The objective of this study was to determine the effect of between-meal
eating on the emptying time of the human stomach.
The effect of between-meal eating on the emptying time of the
stomach was studied by roentgenogram on nine apparently normal, healthy
adult women between the ages of twenty-one and thirty-five years. It
was assumed that the subjects were healthy since they were free from any
known disease, symptoms of ill-health, or history of gastro-intestinal
disturbances. The control and test approach was used. Because of the
wide differences in stomach emptying time in normal individuals, each
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The study was limited to one controlsubject served as her own control.
and one test on each subject in order to minimise the amount of radiation.
The evening before participation in the study the subjects always
ate a light supper and then fasted for twelve to fourteen hours, 
subject ate a standard test breakfast containing barium sulphate 70 gm.
Each
The meals were served in a pleasant dining roomon two different days.
Attention was given to constant weight and volume in prepa-atmosphere.
The test breakfast was within the limits of theration of the food.
recommendations of the Iowa breakfast studies. The breakfast consisted
of: one slice whole-wheat toast with butter, one hard-boiled egg, one
serving canned peaches, one glass milk, and 21.6 gm. peanuts. The
chosen snack was peanuts, 21.6 gm., the amount contained in a popular
All subjects were given an identical breakfast with thefive-cent bag.
exception that on the day of the test the peanuts were given two and one-
half hours after the meal as a between-meal snack rather than with the
breakfast as on the day of the control.
The goal was to vary only one circumstance, the eating of a
between-meal snack, and to keep unchanged other factors which affect
Study was given to the control of the followingstomach emptying time.
factors which influence gastric emptying time: health of subjects; drugs;
menstrual cycle; exercise; environmental temperature; oxygen tension;
volume, chemical composition, and physical state of food; gastroduodenal
pressure, intestinal contents; and individual differences. Although
emotional reactions are impossible to quantitate, days were chosen for
the study when the subjects were not under stress of examinations, work.
class, etc., and an effort was made to keep the subjects lightly
diverted and free from situations which might cause an emotional response.
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Gastric eiaptying time was determined on both the day of the
control and the day of the test by serial roentgenogram observations and
comparisons were made by the radiologist of the emptying times with and
without the between-meal snack. The data revealed a wide divergence in
individual stomach emptying times when an identical breakfast was eaten
by the nine subjects.
The average emptying time for the control was 6.47 hours (range
five to nine hours), and for the test was 7.05 hours (range five and one-
half to ten hours). There was a mean difference in stomach emptying
times of approximately thirty-five minutes, a difference which is sta­
tistically significant, the possibility of the delay being due to chance
less than .02.
II. CONCLUSIONS
Under the circumstances of this study it appears that a light 
between-meal snack produces some delay in gastric emptying in most 
people, but not in all. Although further investigation of this subject 
is needed, the results of this brief study seem to indicate that the 
possibility of such an effect on stomach emptying time is a factor which 
health workers should consider when giving instruction regarding between- 
meal eating.
This study also suggests that the stomach emptying time of normal
individuals after an ordinary mixed meal is more than three to four and
one-half hours as is commonly stated. If the stomach needs a period of 
rest after disposing of one meal before talcing another, it would appear 
that for some people two meals a day may be better than three.
The wide variation in individual stomach emptying times among the
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subjects suggests that health workers need to appreciate the differences
in people when giving instruction regarding dietary practices.
Ill, RECOMMENDATIONS
As was to be expected, during the course of this investigation.
questions arose which did not bear directly on the problem at hand and
which could not be answered by the data here available. The following
are recommended here as suggested topics for further study:
1. Further studies on stomach emptying:
Specific effects of different types of foods taken asa.
between-meal snacks.
Effects of between-meal snacks taken at various hoursb.
in relationship to the meals.
Effect of more than one snack taken between meals.c.
Effects of a second meal taken before the first meald.
has emptied from the stomach.
Determination of stomach emptying time of normal.e.
healthy individuals with other ordinary mixed meals.
2. Relationship of between-meal eating to progress of food in
the small bowel.
3. The significance of delayed stomach emptying time in relation
to health.
4. The age in infancy or childhood at which frequent feedings




Abbott, George K. (ed.). Medical Papers, Mountain View: Pacific Press 
Publishing Association, 1931. 314 pp.
Alvarez, Walter C. An Introduction to Gastro-Enterology. New York: Paul 
B. Hoover, Inc., 1940. 778 pp.
Bell, George, J. Norman Davidson, and Harold Scarborough. Textbook of 
Physiology and Biochemistry. Second edition. Edinburgh: E. & S. 
Livingstone Ltd., 1953. 1002 pp.
Best, Charles H., and Norman B. Taylor. The Physiological Basis of 
Medical Practice. Sixth edition. Baltimore: The Williams and 
Wilkins Company, 1955. 1330 pp.
Byrd, Oliver E. (comp.). Health Instruction Yearbook 1947. Stanford: 
Stanford University Press, 1947. 325 pp.
Chaney, Margaret S. Nutrition. Sixth edition. Boston: Houghton Mifflin 
Company, 1960. 534 pp.
Food—The Yearbook of Agriculture 1959. Washington, D.C.: The U. S. 
Government Printing Office, 1959. 736 pp.
Me Lester, James S., and William J. Darby. Nutrition and Diet in Health 
and Disease. Sixth edition. Philadelphia: W. B* Saunders Co., 1952*
710 pp.
Meschan, Isadora, and R, M. F, Farrer-Meschan. An Atlas of Normal Radio- 
graphic Anatomy. Philadelphia: W. B. Saunders Co., 1951. 593 pp.
Watt, Bernice K., and Annabel L. Merrill. Composition of Foods^—Raw. 
Processed, Prepared. Washington, D.C.: U. S. Government Printing 
Office, 1950. 147 pp.
White, Ellen G, Counsels on Diet and Foods. Takoraa Park: Review and 
Herald Publishing Association, 1946. 511 pp.
Whitney, Frederick Lams on. The Elements of Research. Third edition. 
New York: Prentice-Hall, Inc., 1950. 539 pp.
Wolf, Stuart, and Harold G. Wolff. Human Gastric Function, New York: 
Oxford University Press, 1943. 195 pp.
48
49
Zoethut, William D.8 and W. W. Tuttle. Textbook of Physiology. Twelfth 
edition. St. Louis: The C. V. Mosby Company, 1955. 703 pp.
B. PERIODICALS
Annegers, J. H., and A. C. Ivy. HA ilethod for Determining the Effect of 
Various Agents on Gastric Evacuation in Man,u Gastroenterology, 
8:711-716, June, 1947.
’’Comparison of Gastric Emptying and SecretionBooth, Mollie, and others.
in Men and Women,n The Lancet, 272:657-659, March, 1957.
Cohn, Clarence, and D. Joseph. ’’Comparison of ’Meal Eating* and ’Nib­
bling* on Severity of Alloxan Diabetes," Proceedings of the Society 
for Experimental Biology and Medicine, 105:575, December, 1960.
Baum, K., and others. "Effect of Various Types of Breakfasts on Physio­
logic Response,:: Journal of American Dietetic Association, 26:503, 
July, 1950.
"Utilization of Nitrogen, Phosphorus, Calcium, andDaum, K., and others.
Iron by Men on Different Breakfasts," Journal of American Dietetic 
Association, 27:475, June, 1951.
"Effect of Different Types of Breakfasts onDaum, K., and others.
Thiamine and Niacin Excreted by Men," Journal of American Dietetic 
Association, 27:298, April, 1951.
"Physiologic Response of Boys 12 to 14 Years OldDaum, K., and others.
to Different Breakfasts," Journal of American Dietetic Association. 
31:359-362, April, 1955.
"Distribution of NutrientsEppright, Ereel S., and Pearl P. Swanson.
Aiaong Meals and Snacks of Iowa School Children," Journal of American 
Dietetic Association, 31:256-260, March, 1955.
"Industrial Efficiency as Affected byHaldi, John, and Winfrey Wynn.
Various Kinds of Foods Consumed During the Mid-moming and Mid­
afternoon Rest Periods," Federation Proceedings, 7:48, March, 1948.
Hawk, Philip B., Martin E. Rehfuss, and Olaf Bergeim, "The Response of 
the Normal Human Stomach to Various Standard Foods and a Summary," 
American Journal of Medical Sciences, 171:359-369, March, 1926.
"The Effect of Eating Between MealsHaysmer, C. A., and Julius Matson.
on the Emptying Time of the Stomach," Life and Health, 46:130-131, 
September, 1931.
Henschel, Austin, Henry Longstreet Taylor, and Ancel Keys.




’’Die Zehnuhr-Zwischemaahlzeit in der Schule,"Hoffmann, Von W.
Schweiaerische Madiginische Woehenschrift, 82:415-417, Avril, 1952.
nDie Zehnuhr-Zwischenmahlzeit in der Schule,11Hoffmann, Von W.
Schweizerische Medizinische Wochenschrift, 86:733-734, Juni, 1956.
nGastric Emptying and Secretion in 14an,81 PhysiologicalHunt, J. N.
Reviews, 39:491-527, July, 1959.
Laird, D. A., and Hilda Drexel. uExperimenting With Foods and Sleep,” 
Journal of American Dietetics Association, 10:89, July, 1934.
MacDonald, Ian. ’’Gastric Activity in Menstrual Cycle,” Gastroenterology, 
30:602-607, April, 1956.
Haile, W. C. D., and K. J. L. Scott. "* Digestibility1 of Common Food­
stuffs as Determined by Radiography,” The Lancet, 228:21-23, January, 
1935.
”How Do Snacks Affect Total Caloric Intake of PreschoolMunro, Nancy.
Children?” Journal of American Dietetic Association, 33:601-605, 
June, 1957.
”The Nurse As a Teacher,” Nursing Outlook, 7:98-99,Price, Alice W.
February, 1959.
Rehfuss, M.E., and P. B. Hawk.
Journal of Physiology, 49:174-183, 204-232; 50:1, 28, 243, 65;" 
1919, 1920.
"Gastric Response to Foods,” American
"The Feeding of School-Children,” The Lancet, 259:Robert s, Ferriage on.
434-438, September, 1950.
Steele, Betty, Mary M. Clayton, and Ruth E. Tucker. ’’Role of Breakfast 
and of Between-Meal Foods in Adolescents’ Nutrient Intake,” Journal 
of American Dietetic Association, 28:1054-1057, November, 1952.
Thomas, J. Earl. "Mechanics and Regulation of Gastric Emptying,” 
Physiological Reviews, 37:453-474, October, 1957.
Tryer, Jeffrey H. ”The Effects of a Late-Night Caloric Supplement Upon 
Body Weight and Food Intake in Man,” American Journal of Clinical 
Nutrition, 6;354, July-August, 1958.
Tuttle, W. W., and Edward Herbert. "Work Capacity With No Breakfast and 
a Mid-morning Break,” Journal of American Dietetic Association, 
37:137-140, August, 1960.
Tuttle, W. W., and others. "Effects of Breakfasts of Different Size and 
Content on Physiologic Response of Men,” Journal of American Dietetic 
Association, 27:298, April, 1951.
51VERNIER RADCLIFFE MEMORIAL LIBRARY 
LOMA LINDA UNIVERSITY 
LOMA LINDA, CALIFORNIA
"Effect of Omitting Breakfast on theTuttle, W, W., and others.
Physiologic Response of Men," Journal ox American Dietetic Associa­
tion, 26:332, May, 1950.
"The Effect of Altered BreakfastM. Wilson, and K. Daura.Tuttle, W. W
Habits on Physiologic Response," Journal of Applied Physiology, 
1:545, February, 1949.
•»
Van Liere, Edward J., and Clark K. Sleeth. "Some Norraal Variations in 
the Emptying Time of the Human Stomach (Using a Carbohydrate Meal)," 
American Journal of Digestive Diseases and Nutrition, 2:671-672, 
January-February, 1936.
"The Emptying Time of theVan Liere, Edward J., and David W. Northrup.
Normal Human Stomach in the Young Adult," Gastroenterology, 1:279- 
234, March, 1943.
Weiss, Robert L., and Albert H. Trithart, "Between-Meal Eating Habits 
and Dental Caries Experience in Preschool Children," American 
Journal of Public Health, 50:1097-1104, August, 1960.
Wild, 0. "Zur Zehn-Uhr-Mahlseit in der Schule," Schweizerisehe 
Medisinische Wochenschrift. 84:293-303, Mars, 1954.
C. PAMPHLET
"Your Teeth," Southern California State Dental Association.
COLLEGE OF MEDICAL EVANGELISTS
School of Graduate Studies
EFFECT OF BETWEEN-MEAL EATING
ON STOMACH EMPTYING TIME
by
Bernice Peterson
An Abstract of a Thesis
in Partial Fulfillment of the Requirements
for the Degree Master of Science
in the Field of Nursing
February, 1961
ABSTRACT
As yet there Is little agreement among health workers as to
whether the practice of between-meal eating is harmful, beneficial, or
indifferent in its influence on health. Studies which have been done
heretofore on between-meal eating have been concerned with the effects
on growth, appetite, daily nutrient intake, regularity, body metabolism.
overweight, work efficiency, and dental caries. It appears that the
possible physiological effects of between-meal eating have been only
partially explored. The problem of this study was the effect of eating
between meals on stomach emptying time.
The effect of between-meal eating on the emptying time of the
stomach was studied by roentgenogram on nine apparently normal, healthy
adult women between the ages of twenty-one and thirty-five years. The
experimental method with the control and test approach was used. Each
subject served as her own control. Each subject ate a standard test
breakfast containing barium on two different days. On one of these days
a portion of the breakfast was not eaten with the meal but was eaten as
a between-meal snack two and one-half hours after the meal. Gastric
emptying time was determined on both occasions by serial roentgenograia
observations, and comparisons were made of the emptying times without
and with the between-meal snack. Other factors which influence gastric
emptying time were controlled as far as possible.
The data revealed a wide divergence in individual stomach empty­
ing times when an identical breakfast was eaten by the subjects. The
average emptying time was 6.47 hours without the between-meal snack, and
ii
7.05 hours with the between-meal snack. There was a mean difference in
stomach emptying time of approximately thirty-eight minutes, a difference.
which is statistically significant (p < .02).
Under the circumstances of this study it appears that a light
between-meal snack produces some delay in gastric emptying time in most 
people, but not in all. Although further investigation of this subject 
is needed, the results of this brief study seem to indicate that the
possibility of such an effect on stomach emptying time is a factor which 
health workers should consider when giving instruction regarding between-
meal eating. This study also suggests that the stomach emptying time of
normal individuals after an ordinary mixed meal is more than three to
four and one-half hours as is commonly stated.
ill
